The development of ascites and edema in patients with Laennec's cirrhosis is believed by some to be due to a deranged hormonal balance which results in salt and water retention (1-5). The present investigation analyzes the components of total body water in 22 control subjects and 15 patients with Laennec's cirrhosis to ascertain the distribution of the retained salt and water.
The development of ascites and edema in patients with Laennec's cirrhosis is believed by some to be due to a deranged hormonal balance which results in salt and water retention (1) (2) (3) (4) (5) . The present investigation analyzes the components of total body water in 22 control subjects and 15 patients with Laennec's cirrhosis to ascertain the distribution of the retained salt and water.
METHODS
The control subjects were patients on the surgical wards for minor procedures which influence water and electrolyte balance minimally. The patients with cirrhosis were admitted for therapeutic operative procedures, observation, or treatment of ascites.
Plasma volume was measured by the method of Gibson, Evelyn, and Gregerson using the dye, T-1824, (Evans Blue) (6, 7) . Blood volume was calculated from the value of the plasma volume or T-1824 space and the hematocrit. Radioactive sodium was utilized to measure the extracellular space plus the additional space into which sodium presumably passes. Total body water was determined by the dilution of injected deuterium oxide.
The patients were in a basal state at the time of the study. After taking a pre-injection blood sample the needle was left in the vein and to it was attached a threeway stopcock, to one arm of which was fastened a syringe containing saline. To the other arm of the stopcock was attached a 50 ml. burette equipped with rubber tubing and adapter which was filled to the adapter with a saline solution containing approximately 70 microcuries of radioactive sodium 1 and 3 ml. of 0.45 per cent dye T-1824 in each 10 ml. The stopcock was opened and about 10 ml. of this solution was allowed to enter by gravity. The exact quantity injected was measured on the burette and the material left in the stopcock and needle washed into the vein with the saline in the syringe. The burette and adapter were then removed, and a weighed 50-ml. syringe con-1 Radioactive sodium received from Brookhaven National Laboratories as the carbonate (Naf?CO,) was first prepared by diluting in sterile saline, neutralizing with the calculated amount of 6 N hydrochloric acid, sterilizing by filtration through an ultrafine sintered glass filter, and boiling on a hot plate for 15 minutes. The 70 microcuries given represents a dosage of about 0.1 roentgen, one-third the accepted tolerance level of 0.3 roentgen per week.
taining the deuterium oxide-saline solution 2 was attached.
The stopcock was again opened and the deuterium oxide was injected under slight pressure in a period' of about 2 minutes. The deuterium oxide remaining in stopcock and needle was washed into the vein in a manner similar to that of the first solution. The difference between the weights of the full and the empty syringe was taken as the weight of the deuterium oxide solution injected.
Ten minutes after the injection of the dye T-1824 and the radioactive sodium, a blood sample was taken for determination of plasma volume. Three hours after the injection a blood sample was taken for measuring sodium and deuterium oxide space. Twenty-four hours after the injection another blood sample was taken for the determination of the 24-hour sodium space and total exchangeable sodium. Radioactive sodium was measured in 24-hour urine samples to correct for loss of radioactive sodium in the calculation of total exchangeable sodium. It was unnecessary to correct for urinary excretion of Na' or deuterium oxide at the three-hour period because the amount excreted up to this time was negligible.
For the purpose of the present work the term "sodium space" is used to signify the volume of fluid in which radioactive sodium has been diluted at any particular time after injection. It is not intended to suggest that the sodium space is an anatomical entity. It signifies that radioactive sodium is diluted in a certain fluid volume at a certain time. The three-hour sodium space has been tentatively taken as the point at which equilibrium of radioactive sodium throughout the sodium containing body fluids has occurred. Figure 1 is an example of the longer period required to achieve equilibrium in such cases. In this patient there was a steady increase of the sodium space in the first five hours after which there was little further expansion to the 24-hour determination.
A. Fluid compartments in control subjects Table I summarizes results obtained on 22 control subjects. The average T-1824 space was 4.0 per cent of body weight, the calculated blood volume 6.8 per cent of body weight, the three-hour sodium space 25.5 per cent of body weight and the total body water 54.5 per cent of body weight. The average figures for sodium space and total body water agree with those of other investigators (13, 14) .
In the same table is shown the ratio of sodium space to total body water as well as the ratio of sodium space to body weight. The former figure eliminates fat which is the most variable compo- 
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plasma and ascitic fluid sampling at three hours." However, the relationship between the 3-hour and 24-hour space determinations in the patients in 8 In studies not included in the present paper paracentesis was performed on six patients five hours after injection of radioactive sodium, the total volume of ascitic fluid withdrawn being, respectively, 1.1 L., 1.3 L., 2.9 L., 4.8 L., 5.7 L., and 9.8 L. Simultaneous sampling of plasma and ascitic fluid at that time showed equilibrium in the first five patients, but not in the sixth. There was no way of knowing how much sooner than five hours equilibration had occurred. qANGEABLE SOIUM NORMAL SUBJECTS 13 had had paracenteses within two weeks of the study. Thus, at the time of the test, none had more than a moderate amount of ascites. Dividing the cirrhotic patients in this way tends to group them according to severity of their disease in so far as the presence of ascites determines the severity of cirrhosis. It separates the patients into known cirrhotics who do not retain salt and water and those who do.
In the series of patients with ascites included in this study, it was not possible to prove that equilibrium had group B was consistent with that found in the other groups. The average T-1824 space in groups A and B was 5.6 per cent and 5.3 per cent of body weight and the calculated blood volume was 8.6 per cent and 8.9 per cent of body weight, respectively. These averages indicate that blood and plasma volumes in cirrhosis are elevated above those in the control subjects shown in Table I , but that the blood and plasma volumes are not significantly affected by the presence or absence of ascites. There is a great variation of plasma and blood volume from one cirrhotic patient to another. Three of the patients had values that were within the range of the control patients.
The three-hour sodium space in patients with cirrhosis was significantly higher than the control. The averages for groups A and B were 31.2 per cent and 38.5 per cent of the body weight, respectively. When comparing the cirrhotic patients without ascites (group A) with the control the t value is 4.8, well above the t value of 2.763 at which there is a 1 per cent probability that the two groups were taken from the same population.
When the cirrhotic patients with ascites (group B) are compared with the controls the t value is 4.7.
The average total body water was somewhat higher in patients with cirrhosis than in the con- (16) . When the patients in the control group are compared with the cirrhotic group they are not perfectly matched with respect to age and sex. There is a slight downward trend of sodium and deuterium oxide space with age, and these spaces tend to be slightly larger in the male than in the female. The differences noted with age and sex may be secondary to body habitus and possibly other unknown factors. However, when the sodium space is plotted against total body water (see Table I and II, next to last column) the age, sex and other factors are eliminated and ideal conditions exist for statistical analysis of the results in the two groups. The t value when controls and group A are compared is 4.2, and when controls and group B are compared, 6.4. Both these figures show a high probability that the controls and the cirrhotic patients were selected from different populations.
The total exchangeable sodium was increased in figure, showed a fall of sodium space and total exchangeable sodium to the point shown as 16A. Three cirrhotic patients having ascites fell slightly below the area which is marked off as the control level, that is, the sodium content of the body was low in relation to the sodium space. This was accounted for in two of these patients by the fact that the ascitic fluid had a sodium content lower than the corresponding plasma. Paracentesis was not done in the third. The sodium level in the ascitic fluid was equal to that in plasma in the cirrhotic patients with ascites whose ratio fell in the control band. This experiment is important from the point of view of validating the sodium space method in patients who have known salt and fluid abnormalities. Proof such as is given here is required to show that the total exchangeable sodium pool is related to the sodium space in patients with Laennec's cirrhosis as it is in the normal (see Appendix).
DISCUSSION
The use of radioactive sodium for measuring changes in extracellular fluid volume is simpler than available methods for measuring extracellular fluid space but has the disadvantage that a substantial portion of the space measured is intracellular or transcellular (18) . Within three hours after injection the radioactive sodium is considered to have been distributed and equilibrated throughout the greater part of the total sodium space volume in non-edematous states because of the fact that very little increase of space occurs between 3 and 24 hours. The facts that serial sodium space determinations on patients who are in balance are highly reproducible and that there is good agreement between sodium space, total body water, and weight changes in patients who have had gross water changes indicate that the non-extracellular components of the sodium space are relatively constant in any particular case.
Evidence of the reproducibility of results by the sodium24 method is given in Table III , which presents the data from serial studies at weekly intervals on patients having a variety of abnormalities. The body weight changed somewhat in a few of these patients but the three hour sodium space as percentage of total body weight varied only between 0 and 2.2 per cent, well within the errors of the method. The plasma and blood volume determinations by the T-1824 dilution method, on the other hand, appear to change greatly from one week to another without parallel changes in other compartments.
The data above suggest that water and salt retention in cirrhosis is confined to the fluid space that is measured by the dilution of radioactive sodium. The data do not give absolute evidence whether the abnormal fluid changes in cirrhosis are confined to the anatomical extracellular space or are partially intracellular in view of the fact that about one-third of the sodium space is intracellular or transcellular. Indirect evidence lies in the finding that the ratio of sodium space to total exchangeable sodium is similar in controls and cirrhotic patients. Furthermore the intracellular space not included in the sodium space, as calculated by subtracting the sodium space from the deuterium space, is not increased in cirrhotic patients.
There is a significant increase of sodium space and total body water in patients with cirrhosis whether ascites is present or not. This finding should be of value in the diagnosis of Laennec's cirrhosis. Whether the findings here are related to the presence of subclinical edema and ascites, or Table IV . This 53-year old white male is an example of a patient with bleeding oesophageal varices and ascites whose fluid compartments were followed at irregular intervals over the course of three months. Seven days prior to the portacaval shunt there was a severe hemorrhage and coma. The portacaval shunt was accomplished within two days of recovery from coma. The course was a difficult one due to unexplained small bowel bleeding and to several abdominal abscesses. Three liters of purulent ascitic fluid were drained from an intra-abdominal abscess on the 68th postoperative day.
The patient had a sodium space of 44 per cent of body weight on admission. The total body water was 63 per cent of the body weight which did not seem to be excessive for his thin, small body. On the first day following the portacaval shunt the sodium space and the body weight agreed in that there was a two Kg. loss. Forty-three days postoperatively the patient had lost 4.8 Kg. in body weight but the sodium space had not changed. From this fact plus the increase of ascites it may be assumed that the total body water had not decreased between the first and 43rd day although a determination of total body water on the 43rd day was not available. The fall in weight was, therefore, probably due to a loss in body tissue. Until the 43rd day little improvement occurred in the direction of a reduction of excessive fluids. From the 43rd to the 77th postoperative day the patient lost 6.4 Kg. of body weight. The sodium space diminished by 6.6 L., the total exchangeable sodium by 650 mEq., and the total body water probably declined at least 4.5 L., suggesting that the weight loss was due to loss of fluid rather than of tissue. During the same period the plasma sodium level had increased slightly, indicating improvement in the liver disease (17) . The absence of detectable ascites at the end of the three-month period substantiates this. At present there is no good explanation for the persisting high sodium space in this patient even when no detectable fluid accumulation was present.
